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CHAPTER 1
TNTRODUCTTON

1. 1 PROBI,EU A}ID OBJECTIVES

Rutting has long been reeognj-zed as a major failure mode in
asphalt pavements. In the mid to late 1970rs, mix design practices
in Arkansas were modified in an attempt to alleviate a rutting
problem being experienced at that time. Despite these changes

severe, early rutting continued to occur on some Arkansas highways.

Significant factors involved i-n this early rutting seems to be

increased truck volumes, heavier truck Ioads, and perhaps most

significantly, higher tire pressures.

The recent early rutting has occurred predominantly in the
southern part of the state. This suggests that the asphalt mixes

used in south Arkansas are less rut resistant than the mixes used

elsewhere. The major difference in these mixes j-s the types of
fine and coarse aggregate used. Aggregate type, therefore, may be

a significant factor in the relative rut resistance of Arkansas

mixes.

The fine aggregate is believed to be the more significant
aggregate fraction. Because of this, AHTD adopted specificatj-ons
that limit the use of natural sand to being no greater than 15

percent of the mlx.

The primary objective of this study was to investigate the
effects of liniting the amount of natural sand on the relative rut
resistance of Arkansas asphalt concrete mj-xes. A secondary

objective was to compare the simple creep test and a repeated,
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dynamic Ioad permanent deformation test to determine which test
provides the more rearistic measure of rutting resi-stance.

L.2 SEUDY PLAN

To meet these objectives, the original study plan ca1led for
testing mixes that used the five major types of Arkansas coarse

aggregate and various percentages of natural sand. The mixes to be

tested in the study were to be AHTD mixes from current construction
projects. A11 mixes and mix variations were to be designed by

AHTD.. However, because of delays in identifying mixes and

materials and because AHTD was not able to perform the mix designs
ds, the number of mixes was reduced to 2 with the provision that
the project could be extended later to additional mixes. The

study, however, was never extended.

As proposed, the selected mixes were to be tested with three
1eve1s of natural- and manufactured sand - 1) the blend of natural
and manufactured sand used in the AHTD job nix, 2) all natural sand

and 3) all manufactured sand. Neverthelessr Do testing was done

with with a sand blend si-nce neither of the mixes tested used a

blend of natural and manufactured sand.

To isolate the effects of aggregate type from the effects of
gradation, three mix designs were to be tested for each of the AHTD

mixes. The f irst of these was the rrnormalt' AHTD design in which
the rnix gradation was to be the natural gradatj_on of the aggre-
gates. The second and third mixes were to be frstandard gradationfr
designs in which the aggregates were first to be screened and then

t-2



recombined to standard gradations. A fine and a coarse standard
gradation was selected with the same standard gradations to be used

for al-l AHTD mixes.

Two types of tests were used to measure the relative rutting
potential of each mix: r-) the simple creep test and 2) a repeated
dynamic road, permanent deformati-on test. The simple creep test
was used to provide data consistent with the She11 rut prediction
scheme and consistent with the data from an earlj-er AHTD study (TRC

8801). The repeated load test was used in an attempt to establish
a test approach that would more closely s j-mulate rtreal- worldrt
rutting.

1-3



CHAPTER 2
LIEERAEURE REVIEW

Pavement rutting develops gradually as a combination of
densification and shear deformation. The ruts that appear at the
surface can be the result of rutting in any of the layers in the
pavement system including the subgrade. This study was concerned
only with the rutting that develops within the asphalt layers and,

in particular, hlas concerned with the influence of the aggregate in
the asphalt rnix.

A literature review was made to identify the findings of
previous research relative to the influence of aggregate on the rut
resistance of asphalt mixes. This review reveals that the major
aggregate parameters that relate to rutti_ng are aggregate type,
angularity, surface texture, gradation, amount of fines, and vMA.

2.L TNFLUENCE OF AGGREGATE PROPERTIES

Herrin and Goetz (1) studied the effects of aggregate
angularity on asphalt concrete by varying the percentaqe (0, s5,
and l-00?) of crushed particres. They tested three types of mix
gradation with a static triaxial test. The three mi-x gradations
were: 1-) one-sized with 0? fine aggregate (material passing the #4

sieve), 2) open-graded with 39.72 fine agqreqate, and 3) dense-
graded with 68z fine aggregate. The dense-graded and open-graded
showed no gain in strength as the percentage of crushed particles
increased. On

gradatj-on mix

the other

increased

hand, the strength of the

as the percent of crushed

2-t
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increased. The sieve analysis for Herrin and Goetzrs research is
shown j-n Table L. The results of their testj-ng is tabulated j-n

Table 2.

wedding and Gaynor (2) conducted a study on the effects of
usi-ng crushed gravel as the coarse and fine aggregate in dense
graded bituminous mixtures. A11 crushed particles had at 1east tr^ro

crushed faces. The crushed fine aggregates was obtained by
recrushj-ng the finer materj-a1 from the process of making crushed
gravel. They found that, when the coarse aggregate was uncrushed.,
the replacement of natural sand with a crushed gravel sand provided
a significant j-ncrease in stability; but, they found rittre chanqe
in the stability of mixes having i-oos of the coarse aggregates
crushed. They also found that the substitution of natural sand by
crushed sand is as effective as uslng 2s percent crushed coarse
aggregates. When all the aggregates used in a mix were crushed
particles, the stability was 45 percent greater than a similar mix
that used all natural (uncrushed) aggrregates.

In contradj-ction to the Wedding and Gaynor findings, shklarsky
and Liveneh (3) found that replacement of round coarse aggregates
by crushed coarse aggregates had no significant impact on rutting
potential of asphalt concrete. However, shlarsky and Liveneh did
find that the use of crushed sand reduced rutting potenti_al.

Leech and serves (4) compared rutting depth for three
different aggregates - crushed limestone, crushed granj_te, crushed
gravel, and uncrushed gravel. They found that rut depth was the
lowest for the crushed granite and the highest for the uncrushed

2-2



Table 1. Sieve Analysis of Mixes by Herrin
and Goetz.

SIEVE ANALYSIS

Sieve Percentage by Weight

Gradi-ng

Material Dense Open One-Sided
ingPas al_nRet

Coarse
Aggregate

Fine -
Aggregate

Cement

3/4"
L/ 2"
3/8"

#q
#a
#e
#te
#so
#too

#2oa

#a
#e
#te
#so
#70o
#2oo

0
7.O
9.0
15. 0

7.0
5.0
L0. 0
19.0
9.5
10. 0

6.5

0
L7
2L.
2L.

2.9
7.7
l_0.5
20.7
3.6
0.3

0
29.2
35.4
35 .4

5
4
4

0

0
0
o
0
0
0

0

2-3

I
I

I

I

I

I
I
I

I

I
I

I

I

I
I

I
I
I

I

I

I

I
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I
I

I

I
I

I

I

3/4"
L/ 2"
3/8"
#a



Table 2. Test Results Obtained by Herrin and Goetz (1).

N,IJSU I.'I'S ITO R ]]tr NS.tr. Ci ItA D.O D ]II XT U IT]j S

Av. Comp.
Strcngth

Angle
of

Finc
Aggrcgatc

N:rtttt':rl
Srunrl

Crrrsired
Stone

Coarse
Aggregate

Aver-
age

Den-
sity

intcr-
nal
fric-
tion

Co-
Ph: 15

psi.

lsi
202

Ph:45
psi.

!si.
300. 3
3r7 .7
;it1.9

hesion

lcf.
147. 0
r.tt.J
1,13. 1

I ,t5. 3
l,'l / . ,J

149. 0
1.18. C

1.{8.8
74(t.7
148.9

deg-. psi.
1.,
,15

43
.19

.1E

83
84
80
S3
05

jVa Ct. Gvl,.
55%, Cr, Gvl.
70(k' Cr. (lvi.

100%, Cr. Ciyl.
Crrrslrcd Stone

0o,f Cr. Gvl.
55ok Ct. Gvl.
70Vo Cr. GvL.

100/, Cr. Gvl.
Crtrsircd Stone

,210

I 2oe
205
or-
3.10
aE t

;.0
i.0
.7
.5
.,1

.9

.7
()

.4

.0i

300
1

8
I
0
0
o

32.0
32.8
,,9 1

?,2.9
32. 3
,)l .5
r)i. D
a,) q

,o o

28.7

6
I

0

)
I
0
0
0

,){ /

349
380

l+lo
i+sz
i450
',147
i +5S
I

RtrSULTS rOR OPEN-GRADED MIXTURES

Av. Comn.
S trcng tir

l;inc
Aggregate

NuLru':r,1
S:r.rrri

Crushed
Stone

Coarsc
Aggregate

Aver-
age
Den-
sity

Ph Ph
:1( :30
psi. psi.

Cohe-
sron

r\ngle
of

Inter-
nal

Fric-
tion

1.3
2.4
1.5
2.4
7.8
6.4
0. t)

13.5
10.0
16.8
10.1
21.6
41. 8
q*. D

48.1
45.5
98.8

,, I .,1

38.2
38.7
38.1
31.9
oz, D

30.5
co :
16.0

0ol, Cr
lt\/o Cr
70ok Cr

10070 Cr
Crushed

!si.
116
127
132
132
152
198
2,
215
288

Cv
Gv
Gv
Gv

1.

l.
I

l.

ltcf.
142.2
140. I
139.3
140. 3
14i.3
115. 2
145.4
145. 0
145. 7
147.3

lsi.
Lt l.t)
189.5
190..1
197. 1

1

4

8
1
I!

8
8
tt

Stone 15. 8
J07o Cr. Gvl.

55Vo Cr. Gvl.
707o Cr. Cvl.

100o/n Cr. Gvl.
Crushed Sione

1261.6
259.5
265.3
315.0

0
o

RIJSULTS ITOR ONE.SIZD MIXTURI'S
Av. Corno.
Strength

Angie
of

fn ter-
Aver-

age
Den-
sity

Cohe-
IOnS

dcg

Ph:15
psi.

Ph:30
psi.

nal
Fric-
tion

dcg.?cI.
r13.6
110.5
110.6
110.1
115. 5
113.7
114.6

?si. ltsi.
07o Cr. Cvl.

55/n Cr. Gvl.
704/o Cr. GvI.

100% Cr. Gvl.
Ar. Cr. (10,000 rcv,)
Ar. Clr. (5,000 rcv.)'
Crushed Stone

39
19
51
58
49
54
70

1

o

3
I
I
8
8

71
90
97

108

90
118

5
o

7
6
0
o

0a
OJ

30
tooa
17
oe

31

7
8
5
6,
7
o
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gravel case. Rut depth was found to be linearly related to the
initial VMA with the slope of the relationship relatively constant.

Hicks, Arlbright, and Lundy (5) investigated the effect of
increasing the crushed aggregate percentage on permanent

deformation behavior. They found that an increase in percent
crushed from 503 to 7oZ resulted in a decrease in the permanent

deformation rate of 45 to 7oZ. A further increase from 70 to 90g

resulted in a decrease of only 15 to 302. Hicks, Allbright, and

Lundy also studied the effect of the fines content (percent passing
the #200 sleve) on permanent deformation. This effect was found to
be more pronounced with lower percentages of crushed coarse
aggregate. For 908 and 70? crushed, dD increase in fines content
from 3 to 62 resulted in a 45 to 652 j-ncrease in the permanent

strain rate- However, when the percentage of crushed aggregate was

reduced to 5o?, the same increase in fines content resulted in 1o0

to 200? j-ncrease in the permanent strain. This suggests that mixes
having a low crushed aggregate percentage is much more sensitive to
changes in the fines content than are mj-xes with high crushed
partj-cle percentages.

Kalcheff and Tunni-criff (6) investigated the effect of
aggregate shape, gradati-on, and filler content on rut resistance.
They found that mixes composed of manufactured sand j-s more rut
resistant than are mixes composed on naturar sands. with the
manufactured sands, filler content did not significantly effect
rutting resistance while it was quite significant with natural
sands. The manufactured sand mixes were also found to be less
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sensitive to the effect of changes i-n the quantity of coarse

aggregate.

In summary, most researchers have concluded that the use of
crushed aggregates improves the rut resistance of asphalt concrete.
Rut resistance of asphalt concrete increases primarily due to the
increase in internal friction as crushed aggregate is substituted
for the natural aggregate. However, the degree to which the crushed

aggregate affects the rut resistance of asphalt concrete remaj-ns

unclear.

2.2 EFFECT OF AGGREGAtrE GRADATION

Researchers (7 ,8 ,9 , 10 , 1l-) have generally concluded that a

coarse gradation of aggregate provides greater rut resistance than

a fj-ne gradation. This is especj-aIly true for a fine gradatj-on

with a hump in the gradation curve around the #ZO or #+O sieve.
Goode and Lufsey (7) tested a band of mix gradatlons as shor,rn in
Figure 1. They found that the gradations that show a higher hump

at the #30 sieve (above the theoretical maximum density line) will
have hj-gher voids in the mineral aggregates (vMA) and lower
Marshall stabllities than those mixes which have a lower hump at
sieve #zo. Deformation of asphalt concrete has been found to be

very sensitive to amount of VMA. Deformation increases as the VMA

increase.

Carpenter and Enockson (8) also found that a fine gradation
mix with a hump in the gradation curve in the vicinity of #40 sj-eve

will produce asphalt concrete having low Marshall stabilities and
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low VMA. They said that a hump in the vicinity of sieve #qO is a

predominate factor affecting rutting. This indicates that the
gradation of the sand fraction is the primary gradatj-on factor
eontributing to rutting in asphalt mixes.

Ford (9) made a extensive study of the parameters governing

rutting on Arkansas highways. Characteristics of cores were

studied in detail. The cores were taken from 24 sites, all of
hiqh-type asphalt concrete that rangTed in age from 3 to 22 years.

A regression equation was established for the relationships between

rut depth, air voids, Marshal1 Stabillty, and hump at # AO sieve.
The resulting equation was:

RUT: -73.8 + 0.937 VF + O.SB2 D4O + 2.33 BAV

O.0235 STAB

where

RUT = rut depth, L/32 in;
VF : Voids filled (percent);

D40 : hump in grading curve (percent);

BAV : Air voids between wheelpath (percent);
STAB = Marshall stability.

However, Ford suggested that additional factors such as traffic
speed, traffic character, envi-ronmental condj-tions, and support
from the underlying pavement structure and subgrade are required to
predict a rut more accurately.

Brown, cooper and pooley (10) conducted a study relative to
mix {radations. They discovered that to maximize deformation

2-8



resistance for a particular type of asphalt concrete, it was

necessary to minimize VMA. to achi-eve low VMA, higher amounts of
filler material-s were required; but as the firler materiars
increase, the amount of binder also must increase to coat the rnix

completely. An increase in binder content will result in greater
deformation. They argued that the equivalent fines content should
be 80 to 9o percent of that required for minimum VMA to ensure that
the final mj-x is not susceptible to overcompaction in the field.
They sated that the minimum vMA rnix gradation requj-res that 20 to
30 percent of the aggregate passing through a size that is 0.03

times the maximum particle size.

Mcleod (11) tested a band of mix gradations (Figure 2) to
study how gradation and asphlat content variation affected the mix
properties of asphalt concrete. The gradation band was the upper
(coarse mix) and lower lirnits (fine mix) of the ASTM specifications
for gradatj-on (Tab1e 3). He made five mix gradations from the band

namely job mix formula, 1ower, upper, lower-upper, and. upper-lower.
He compacted the specimens with standard Marshall Design method at
asphalt content of 5.15?, 5.6s2 and 6.1-5? for each mix gradation.
The results (Table a) obtained from his research showed that upper-
rower mixes had higher values of air voids and vMA. The job mix
formula had the highest stability varues. The result also
indicated that upper-Iower mixes showed higher stiffness modulus

(stability/flow) values and that lower-upper mixes had higher flow
values. It is believed that higher stiffness modulus in Marshall
test and higher vMA would mean that the asphalt concrete is more
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Table 3.. ASTM Tolerances

Si-eve Si-ze Fracti-on

Greater than L/2"

3/8" to #4

#a Eo #L6

#3o to #5o

Passing #Zoo

Asphalt Content, Total
Mix Weight Basis

Used in Study by Mcleod (11).

Tolerance, Aggregate
Weight Basj-s

+/_ 8z

+/_ 7Z

+/_ 6Z

+/_ sz

+/_ 32

+/- o.sz

2-1_t
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rut resistant (7). Thus, job mix formula and upper-I0wer mix would
be the most 1ikeIy candidates to produce better rut resistant
asphalt concrete.

Barksdale (12) studied the effect of gradation variation on
asphalt concrete by testing the specimens with simple creep test.
He compared two mix gradations, fine and coarse, whose gradations
are shown in Table 5. The specimens used in the test were four
inches in diameter by eight inches in height and were compacted
with 5o blows of a Marshall hammer. The test was conducted at 95

F with an axial stress of r-5 psi, and. with no confinlng pressure.
From the research, Barksdale found that the flne gradation nix
exhibited about 33 percent more deformation than did the coarse
gradation mj-x.

Elliott and Herrin
variations on split tensile and creep behavior of asphalt concrete.
Three mix gradations, Job Mix Formula, coarse qradation, and Fj_ne
gradation were tested. The gradations of the three mixes are shown
in Table 5. unlike other research, however, Elliott and Herrin did
not find any significant relationship between gradation variations
and creep behavior.

fn summary, all sj-ze fractions appear to have some influence
on the rutting potential of an asphalt mix. Gradation and
angularity have been shown to be important parameters in virtually
all studies- of particular interest is the finding of some
J-nvestigators that the significance of both the coarse aggregate
and f i-11er fractions dirninish as the angularity of the sand

(13) studied the effect of gradation
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Table 5. Fine and Coarse Gradations used inBarksdaler Research.

Percent Pa ssl_ng
CoarseSieve Size Fine

1ll
L/ 2"
3/8"
#q
#ta
#so
#zoo

l_00
77
70
55
37
25
L4

55
40
35
30
20
12

5

2-]-4



Table 6. Example of Gradation variation used by Erriott and Herrin(13).

Sieve Size
Fraction

L/2" to #4

#q lo #Lo

#LO to #40

#4o to fgo

#80 to #200

passing #ZOO

Percent Pass-Retaj_n, Total Weight Basj_s
Job Mix Coarse Fi-neFormula Gradation Gradation

38.2 43.9 32.s

2t.5 25 .3 L7 .7

Lz.O 10.5 t4.7
l_1.0 5.8 L4.2

5.9 3.9 ?.8

5.7 3.8 7.6
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fraction increase. This suggests that a desired rever of rut
resj-stance might be achieved by controlling either the coarse or
the sand fraction and that control of the firler fraction can be
cri-ti-cal with some combinations.

2'3 sruPrJE CREEP vERsus REPEATED toAD TEsrrNG

severar researchers (15r16,L7,Lg) have compared the behavior
of asphalt concrete in the slmple creep and repeated dynamic l_oad

tests. Leahy (L4) documented snaith,s (15) research 1n her
dissertation- snaith used the same vertical stress and temperature
for both the simple creep and the dynamic load tests. At row stress
Ieve1s, she found the magnitude of permanent deformation for the
two tests to be very close at equal total tirnes of load duration.
However, for total load duration tj-mes at higher stress revels, the
static stress had to be reduced to about 65 percent of the dynarnic
vaIue. for the deformations to
Barksdalers research (1G) which

Leahy also documented

the strain of asphalt

be equal.

compared

concrete obtained by sirnple creep and dynamic 1oad tests. Barksdale
suggested that the deformations predicted by the dynamic l-oad test
were more conservative than the results obtained from the stati_c
test.

Brown and snaith (r7) claimed that the permanent straj_n, which
gradually accumulates under repeated loadj-ng i-s essentially a creep
phenomenon.

rather than

controlling

They concluded that the total tirne of load duration,
the number of load applications, is the parameter
the amount of permanent strai-n. Their results also

2-L6



indicate that freguency of roading between 1 and r_o cycles per
second (equivalent to 3.75 and 40 mph) does not affect the
rerationship between permanent strai-n and time. The variati-on of
resting time between loading periods was also investi-gated. Brown
and snaith concluded that the amount of time between loads does not
affect the basic permanent strain versus time relationship.

This conflicts, however, with conclusions drawn by p.J. van de
Loo (18). rn his research, van de Loo ran simple creep and dynamic
load tests on both pure asphart cement and dry aggregates. He found
that when dry aggreagtes are roaded the strain increases only at
the beginning of the load appricatj-ons; straj_n does not increase
while the road is appried. van De Loo, therefore, concr-uded that
the deformations on the aggregate fraction of an asphalt mix are
i-ndependent of loading time, but are strongly dependent on the
number of load repetitions. This frdynamicn effect is believed to be
the result of slippage or reorientation of aggregate particles.

Asphalt strain, or the otherhand, is very time dependent due
to its visco-elastic nature and 1s not infruenced by numbers of
repetitions. This suggests that the simple creep test focuses
primarily on the rut resistance of the asphalt fraction of the mix
and provides 1itt1e if any information on the contribution of the
aggregate fraction.

rn the same research, van de Loo compared the simple creep
with Amsterdam Laboratory Test Track (LTT) and Tracking Machine. He
ranked the mixes according to stiffness of asphalt concrete to
compare the tests. The tests were conducted at 20 c and with no

2-L7



confining pressure exerted. The stress applied was o.2 MN/m2 (2g

psi). The composition of mixes is shown in Table 7.

The rankings of the mixes by comparing simple creep with LTT

and sinple creep with Track Machine are shown in Figure 3. rt is
obvious from the figure that the rankings of different mixes
according to simple creep are not consistent with the rankings from
the test track (LTT). However, rankings for variatj_on of a single
nix by sinple creep are consistent.

Based on van de Loors work, the simple creep test appears to
be a useful test for the comparison of rutting resistance between
mixes containing different amounts or grades of asphalt if the
aggregates were nearly identical. However, it does not appear to be

a good test for comparisons between mj-xes containing dj-fferent
aggregates or gradations.

Monismith and Tayebali (19) made a thorough investigation
comparing the behavior of asphalt concrete in creep and dynamic
loading. specimens of four-inches dianeter by eight-inches hiqh
were prepared by kneading cornpaction. The average air void content
for the specimens was eight percent. The loading tj-me for the creep
test was at least one hour unless the specimens failed sooner.
Dynamic loading as applied pneumatically with a load duration of
0.1 second and a peri-od of two seconds. All the tests were carried
out at 1oo F with at least two specimens tested at each test
condition. The test conditi_ons were:

2-L8



Table 7. Data for Mixes Tested by Van de Loo (18) .

Column

Mix flo.

Column

Mix ltlo.

0rscriplio n

Eilumen

content, pha'r"

Grade

Penetration

ar 25 "C, 0.1 mm

Soften ing

Poinl, 
oC

Stone

cont0nt, %wt

Sand

content, %wt

Fiiler

content, %wt

VlM, o/ov

VMA, %v

VFB, %V

(11)

A7lA8'.r

Sand Shact

Ro und

Sand

6.9

40/50

?(

5S

83. 1

16.9

4.4

1S.1

76.8

84.6

Eitumso

content, pha

Grade

Penstration

at250C,0.1 mm

Soltening

Poinl, oC

Stone

content, %wt

Sand

content, %wl

Filler

€ontrnt, %wt
VlM, Tov

VMA, %V

VFB, %V

cY

' This mix wa3 used a3 a rrforencr mix in eeh test run in thc LTT, Oitrerent gradB hile bsen applied, roo.
" A6 and Ag hsd tho samc compolition, but dirfsrlnl compaction (as a stab aid in the LTT, resi.)

"' 47 and Ag had the sam€ composirion. A7 was aged in th. LTT by staric compacrion.
"" pha r plrlt by weight p€r hundr€d parts by weight ot aggregato.

{1S )

KW 146

Arp halric

Concrele

oo

80/ 1 00

73

49

65.7

27.5

6.8

?,

23.0

83.9

80

(1t

HMl

Grrvcl

Send

Arphrlt

tzl

HM2

Gnvrl
Srnd

Asphrlt

(3)

HM3

Gnvrl

$nd
Arphelt

(4)

HM4

Grrval

&nd
Asphllt

(5)

RWr

Gnvd
Srnd

Arphalt

(5)

RWil

Grrvrl
Send

Atph.lt

(7)

RW ilr

Grrval

Send

Asphalt

(8)

RW rV

Gnvcl

Send

Asphrlt

(e)

Al.
Asphaltic

ConcrEt!

(r0)

A6/A9*.

Sand Shert
Cru:hcd

Sand

5.0

50/ 60

32

55

56.8

3?.3

5.S

3.8

4.6

s0/60

11

56

58.8

36

s.2

3.8

4.1

50/50

11

56

65

29.9

5.1

4.4

5.5

s0/ 60

aa

56

50.6

44.5

4.9

4.0

5.3

50/60

11

50.5

4g

42.9

8.1

4.4

16. I

72.4

88

s0/ 60

5.2

10

(o

E? C

8.6

37.8

<n

16.2

69.4

88

50/ 60

37.9

6.4

r7.5

63.1
oo

5.r

bt

54.3

1A

6.0

50/ 50

?o

58.5

46.4

45.5

8.1

oo

6.0

various

grades

55

.E

r0

8;

i.0

40/50

1(

63

I 2.4

17.6

10
1a o

to
a(

(r 2)

A10

Sond Shoor

Round

Send

(r3)

E1

Hor Rollod

Asphalt
(BS 5941

(14)

c,

G ulssphalt
(Statte)

(r s)

E3

Gu ssasphalt

(Unstabl.l

(16 )

E4

Aiphal lic
Concrete
(Frrnch)

(1 7)

E6

Sand Shsst
(RichI

Round Sand

{18 )

E1

Sand Sheat
(Lean)

Crushcd

9.0

40/50

,o

58

83

17

5

23

78

85

8.6

40/50

?8

64

32.6

51 .7

9.7

4.2 ro 6.6

21.8 to 23.7

80.7 to 72.1

80

I 8.7
I

I

40/50

t9

64

41

JJ

26

1.5

17.4

91.4

84

9.0

40/s0

29

64

31.5

45

23.5

0.7

17.2

95.9

83

5.5

40/50

23

62

50

50

19.8(e!r.)

8.0

59.5

8t

11 .7

40/50

35

58

6.6 to 8.7

28.9 to 30,6

7'l .2 to 11 .5

72

81 .5

r8.5

5

40/50

J4

58

18.0 to '18.9

27 .4 to 28.2

34.7 to 32.9
oo

r8.5

8r.5
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Confinj-ng Pressure
(PSr)

0

Creep Stress
(PSr )

20

30

Dynamic Stress
(Psr )

1,5 ,20

3015r30

From the research, it was found that the creep test produces

greater straj-n at the beginning of the test but that as the testing
progressed (say one hour for creep test or 35,OOO repetitions for
dynamic load test), the unconfined repeated load test produced

substantially greater straj-ns. The difference in strain measured by

simple creep and dynami-c road tests after one hour of loading
decreased as the confining pressure increased. Note that Van de

Loors particle reorientation theory agrees with the observed effect
of increased in confining pressure. As the confining pressure

increases, it 1s harder for the aggregates to reorientate
themselves. since it is harder for the aggregates to reorientate
themselves, less deformation occurs.

Monismith and Tayebali (19) found that although the magnj-tudes

of deformation differed, the two unconfj-ned testing modes (creep

and dynamic) ranked the mixes tested in the same order. In another
word, specimens which produce the largest deformations in creep at
longer times of loading will also show the largest deformations j-n

dynamic loading at the numbers of repetitions whi-ch produce

comparable times of loading.
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The general conclusion found by most of the researchers is
that the dynamic repeated load test produces more deformation in
asphalt concrete than does the simple creep test. The dynamic test
also is belj-eved to produce more consistent results. However, no

solid evidence has been established to demonstrate which method of
testing is superior.
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CIIAPTER 3
TESTING PROGRA}!

3.1 ITTIXES TESTED

The two mixes tested in this study are surface mixes used on:
1) Route I-40 near Forest city and 2) Route US 63 near Jonesboro.
The mixes are referred to hereafter as the Forrest city rnix and the
Jonesboro rnix. Both mixes contained natural sand for the sand

fractj-ons and have had field performance problems. The Forrest
city mix has exhibited excessive early rutting. The Jonesboro mix
was extremely prone to segregation.

To examine the effect of sand type, the mi-xes were tested both
with the natural sand and with the natural sand replaced by a

crushed, manufactured sand. The mix gradations were also varied to
isolate the effect of gradation from the effect of sand type. The

project plan calIed for testing each mix using three gradation
variations. one variation was to be the Job Mix Formula (JMr)

gradation. The other two were to be trstand.ardrt gradations selected
to represent the extremes of fine and coarse mixes commonly used.

Figure 4 is a plot of the I'standardl gradations selected. The

FrNE gradation represents a typical, fj-ne surface mix while the
coARsE gradation represents the coarse surface gradation some state
highway departments are using as a solution to the rutting problem.

The JMF gradations for the Forrest city and Jonesboro mixes
are plotted on Figures 5 and 5 respeetively. For comparison, the
rf standardrr gradations are shown on these f j-gures as dashed 1ines.
Note that the Forrest city JMF gradation is very close to the
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standard FrNE gradation. Because of this closeness, only two
gradations were tested using the Forrest city mix aggregates _ J]IF
and coARSE- A1l three gradations (rrNE, JMF, and coARsE) were used
j-n testing the Jonesboro mix.

The manufactured sand used in this research to replace the
natural sand is Donnafil. Donnafil is a fine crushed syeniter &r1

igneous rock consisting principally of feldspar.
The substitution of manufactured sand (Donnafil) for natural

sand in the Forrest clty JMF gradation as accompli_shed in two
stages with each stage being tested. This mix used a coarse sand
and a fine sand. rn the first stage, Donnafil was substituted for
the fine sand. For the second stage, crushed. 1j-mestone sand and
Donnafil were substituted for both the fine and coarse sand.s. The
two stage substitution was not necessary for the coARSE gradation.
similarly, two stages were not used with the Jonesboro mix si-nce
this mix only a fine sand.

To control the gradation of each test speci-men, the aggregates
were sieved into the various size fractions and stored in separate
containers' Each test specimen was batched individually with
appropriate arnount of each aggregate being weighed out for each
graaation fraction.

so that the rut resistance test results would reflect only the
j-nfluence of aggregate variation, each mix variation was tested
using the optimum asphalt content determined using the Marshall rnix
design procedure (75

variations tested.
blow). Tables g and 9 summarize the mix
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Tabre 8. summary of Forrest city Mix variati_ons Tested.
ABBREVI.
ATION

MIX DESCRIPTION

JMF
J+D

J+D+C

c
c+D

Job Mix Formula as used in eonstruction
Job Mix Formula with Donnafil in place
of the fine sand
Job Mix Formula with Donnafil and
crushed limestone in place of all sand
coarse gradati-on using natural sand
coarse gradation with Donnafil in place
of natural sand

ASPHALT
CONTENT

5.LZ
4 .82

5 .42

4.52
4.52

Mix compositions by aggregate source (percent of total aggregatefraction)

COARSE TES NATURAL MANUT. I

Mix/
Agg

Razor
Rock

Reed
Stone

Three
Rivers

fngram
PitFields Donnafil

JIr{F

J+D

J+D+C

c

c+D

35.0

35.0

35. O

47 .8

47 .8

1s. 0

15. O

15. 0

l-9. 0

L9. o

20.o

20.o

29.8

19. 6

L9. 6

L5. 0

l_5.0

0.0

7.0

7.O

L5. 0

0.0

0.0

6

o.o

0.0

15. 0

2A .2

0.0

6.6

6

Gradation of Aggregates

Razor Reed Three
Rock Stone Rivers

Bourham
Fields

Inqram
Pir

3/4"
L/ 2"
3/8"
#q
#to
#2o
#qo
#eo
#zoo

1_00
84.5
6s. 9
34.t
16.6

l-00
100
100
98. 3
7L.3
46.7
34.3
22.9
t7.L

100
100
100
99 .6
97 .1
80. 3
34.3
4.7
L.7

100
100
100
100
99 .6
94 .4
58.8
]-9.9
t6.2

100
63 .5
4L.9
6.8
2.7
L.7
L.4
1.3
1.0

9.9
5.7
2.7
1.3

Kling Beta anti-strip agent was used Asphalt was Ergon Ac3oNote:

3-5

I

I

I
I

I
I

I
I
I
I
I

I
I

I

I
I

I

I

I
I
I
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I

I
I
I

I
I
I

I

I
I

I
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Tab1e 9.

ABBREVT-
ATION

JMF
J+D

F
F+D

c
c+D

Summary of Jonesboro Mix Variations Tested.

MIX DESCRIPTION

Job Mix Formula as used in construction
Job Mix Formula with Donnafil in place
of the natural sand
Fine gradation using natural sand
Fine gradation with Donnafil in place
of natural sand
coarse gradation using natural sand
Coarse gradation with Donnafil in place
of natural sand

Mix Compositions by aggregate source.

COARSE NAT.
SAND

MANUF

ASPHALT
CONTENT

s.0a
5. 0A

5. OZ
5. 0?

4.52
4.sz

Mix/
Agg

CIean
Black
Rock

Dirty
BIack
Rock

Boorhem
!'1e1ds

Graham
Pir Donnaf i-1

Hydraded
Li-me

JMF

J+D

c

C+D

F

F+D

34.0

34. O

40. L

40. 1

27 .9

27.9

l-8.5

t-8.5

21,.6

2t.6

L4.9

L4.9

31.0

3L.0

30.4

30.4

40.7

40.7

t_5. 0

0.0

6.4

0.0

r_5.0

0.0

0.0

15. 0

0.0

6.0

0.0

15.0

1.5

1.5

L.5

L.5

t-.5

L.5

Gradatj-on of Aggregates
Dirty Clean

Boorhem Black Black
Fields Rock Rock

Graham
Pir

Hydraded
Lime

1_00
70.
52.
27.
L2.

#zo 6.6
#qo 4.4
#eo 3.5
#zoo L.5

Note: Hydrated line was
Ergon AC30.

3/4"
L/ 2"

100
l_00
100
88.5
48.7
27 .7
L9.5
L8.2
9.9

ed as an

100
100
100
6j..2

100
100
100
100
100
99.9
99.8
63. L
t7 .9

100
L00
100
100
100
100
100
100
99 .5

3/8"
#q
#to

3
9
7
9 4

3
2
2
2

antiUS

9
0
7
6
4

3-7

-strip additive Asphalt was

I

I
I
I

I

I

I
I
I
I

I
I
I
I
I

I
I

I
I
I

I
I

I

I

I

I
I

I
I

I

I
I

I

I

I

I
I

I

I
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3.2 SA!{PIJE PREPARATION

The initial activity in preparing the test specimens was to
dry the aggregates at a temperature of 220o F for 24 hours. After
the aggregates were cooled, they were sieved into their individual
size fractions. The sieved aggregates were then stored in separate

containers.

During batching the aggregates were re-combined. according to
the rnixture compositions and gradations necessary to produce the
desj-red mix. As a check on the sieving and batching, washed sieve

analyses were performed on trial aggregate batches.

The optimum asphart content for each mix gradation was

determined using Marshall mix design procedure i-n accordance with
AASHTO 1245. Mixes of each gradation were prepared at three
asphalt contents and Marshall specimens were made usj-ng 75 blows of
the Marshall hammer on both sides. The specimens were subsequently

tested for air voids, stability and f1ow. The optimum asphalt
content for each mix gradation was selected with respect to air
voids, v.M.A, Marshall stability, Flow and unit weight. Table l-o
summarizes the Marshall mix propertj-es for each mix.

The specimens for research testing were prepared at the
optimum asphalt content but were compacted using a gyratory
compactor. The gyratory method was used because it simulates field
ro11er compaction better than does the Marshall hammer compaction.

The compactive effort was adjusted to produce test specimens with
aj-r voids of five to six percent. Io achieve air voids in this
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Table l-0. Marshall Mix Desigrn properties (75 blow).

Forrest City Job (Job R10OO9)

Mix
Optinum

?AC
Stability

( 1b)
Flow
(in.)

Air
Voids V.M.A

JMF

J+D

J+C+D

c

c+D

Mix

5.1

4.8

5.4

4.5

4.5

Optimum
zAC

l_980

2850

2 850

21,50

2330

stability
( 1b)

11. 0

to.2

10.8

l-1. 0

]-2.8

Flow
(in. )

2.8

3.8

4.2

6.5

6.8

Air
Voids

1,4 .6

14.8

L6.4

1,6.6

L6.7

V.M.A

Jonesboro Job (Job R00015)

JMF

J+D

c

c+D

F

F+D

5.0

5.0

4.5

4.5

5.0

5.0

2650

3 110

2200

2L50

2720

4580

10.0

13. O

L4. 0

L3.2

11. 0

L2.4

3.8

2.8

8.7

8.0

2.8

2.L

L5. 3

14.3

19. O

L8.2

L4.5

L4.t
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range, trial compaction was required.
The specimens were 4 inches in diameter and 2.5 inches in

height. A total of six specimens were molded for each mix at the
optimum asphalt content. Replicates were made to allow selectj-on
of test specimens having alr voids close to the target va1ue. The

properties of the specimens tested are shown in Tables 1j- and L2.

3.3 SI}TPLE CREEP TESTING

The simple creep test was cond,ucted usi-ng a Retsi-na Resilient
Modulus Apparatus produced by the Retsina co. (20). A steady air
pressure from pneumatic load applicator (Be11fram) provided a

static load for the creep tests. The delivered load was measured.

with the load cel1 and displayed on the electrlc digi-tal readout.
The axial deformation of the specimen was measured with two linear
variable differential transformers (LVDT) mounted verticaLly on the
clamps on top of the specimen. The deformation of the specimen was

recorded manually from the LVDT reading displayed on the eleetric
digital readout.

To control temperature during the testr dn environmental
chamber was placed on the pneumatic load applicator. The chamber

surrounded the test area and Idas of sufficient size to permit
storagre of other specimens awaiting testing. Temperature inside the
chamber was controlled by a hair dryer connected to a thermostat.

Before testing, the specimens were stored in an oven at L04 F

for at least 24 hours. To make sure that the correct temperature
(104 F) was unj-formly achieved, the specimens were removed from the
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Table l-1. Tested specimens properties for Forrest city Job.

Mix
Spec.

Test
Type

t Strain
( 60n)?AC Weight V.M.A ?AV

JMF
1
2
3
4

J+D
l_

2
3
4

RL
RL
CR
CR

RL
RL
CR
CR

RL
RL
CR
CR

RL
RL
CR
CR

5. l-

4.8

5.4

4.5

4.6

L42.O
L42 .8
L4L.9
143.1

t44.3
L43.5
143.8
t44.2

L43.9
l_43.1
L43.3
L43.8

L44.L
L43 .6
144.1
L43.9

L44.O
L44.O
L43.5
L43.7

L7.7
t7.2
L7.7
L7.A

t6.2
L6.6
15.5
15. 3

L7.3
77 .7
L7 .6
77.3

15.8
15. 1
15. 9
16. 0

15.9
L5. 9
16. 1
16. O

6.3
5.8
6.4
5.5

5.4
5.8
5.7
5.4

5.2
5.5
5.5
5.2

5.7
5.0
5.7
5.9

5.5
5.5
6.0
5.9

0.0075
o. oo98
0.o030
o. oo33

o. 0057
0.0021
0. oo25
0.0023

0. 0023
0.0026
o . oo22
0.0023

o. 0063
o.oo72
o . oo27
o. 0029

0. 0052
0. 0047
o. 0028
0.0026

+D+CJ
l_

2
3
4

c
L
2
3
4

DC+
1
2
3
4

RL
RL
CR
CR

RL -- Repeated Load Test
CR -- Creep Test
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Table l-2. Tested specimens properties for Jonesboro mix.

Mix
Spec.

Test
Type zAc

Unit
Weight V.M.A ?AV

Strain
( 60m)

JMF
1
2
3

J+D
1.

2
3

c
1
2
3

c+D
1
2
3

F
1
2
3

DF+
L
2
3

RL
CR
CR

RL
CR
CR

RL
CR
CR

RL
CR
CR

RL
CR
CR

5.0

5.0

4.5

4.5

5.0

5.0

L47.4
146. 5
L45.9

t43 .6
143.3
L42.9

147.O
t47.8
L47 .9

t47 .6
L47.5
]-47.2

L47.8
146.5
L47.6

L46.3
L46.5
145. 0

15.5
15. 0
L6.4

L7.3
L7.5
t7.7

.0

.6

.0

1_

3
5

4
4
5

6
6
6

0. oo52
o . oo24
o. oo23

o. 00L9
0.0023
o.oo24

0.0045
0.0030
o . oo22

0. oo39
0. oo21
o . oo22

0.0032
0.0023
o. oo23

o.oo27
o.oo22
o.oo22

15
L5
t_5

5
0
0

5.2
4.6
4.6

4.7
4.8
5.0

4.O
4.8
4.1

4.4
4.3
5.3

L5.2
L5.2
1 5.3

RL
CR
CR

15.5
15.3
]-5.7

15.9
15.8
L5.7

RL -- Repeated Load Test
CR -- Creep Test
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oven and stored at least one hour before testing in the

environmental chamber on the Retsina device. (This chamber had more

precise and accurate temperature control than did the oven. ) The

test loading consisted of a constant 15 psi vertical stress with no

confining pressure. Prior to testing, the top and bottom surfaces

of the specimens were coated with silicon grease and graphite to

reduce the friction with the loading plate-

To minimize the effects of minor surface irregularities, the

specimens were preconditioned by applying the L5 psi load for 10

minutes prior to testing. After the preconditioni-ng, the specimens

s/ere allowed to rebound f or ten minutes. Immediately f ol1owj-ng the

rebound, the specimens were subjected to the creep test. The

recommended total loading time for this test is one hour. Van de

Loo (2t) reported that the creep curve after one hour is known with

enough accuracy to a11ow comparison of mixes. A1so, duri-ng an

international conference held 1n Zurich in L977, dD agreement was

made to standardize the temperature at 40 Co (l-04' F) and to take

one hour as the maximum time. (221

periodic deformation readings were manually recorded after 5

seconds, 3O seconds, L minute, 1-5 minutes, 30 minutes, 45 minutes

and 60 minutes. Creep strain and creep stiffness were calculated

for each recording times. Creep strain was calculated as the axial

deformation measured to that tirne divided by the original specimen

height. Creep stiffness was calculated by dividing the applied

deviator stress (15 psi) by the creep strain calculated for the

tine of loading. Typical graphs of creep strain and stiffness
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versus loading times are shown in Figure 7 and 8.

3.4 DYNAIITIC IJOAD TESTING

The repeated dynamic load test was conducted with a MTS

rrclosed looprr servo control hydraulic testing system. To control

temperature during the test, an envj.ronmental chamber was placed on

the MTS load frame. The chamber surrounded the test area and was of

sufficj-ent size to permit storage of other specimens awaiting

testing. Temperature inside the chamber was controlled by a heat

tape connected to a thermostat. The specimens deformation during

the test was monitored with a strain gauge. A half-inch strai-n

gauge v/as attached at one end to an iron bar which in turn was

mounted to the MTS frame, the other end of the strain gage was

attached to the loading piston of the MTS machine. The loadlng

piston moved with the deformation of the specimens, while the iron

bar attached to the main frame of the MTS system did not move. The

deformation of the specimens was measured by the relative movement

between the iron bar and the piston.

The tests were conducted at l-04o F. Prior to testing, the

specimens were kept in an oven at 104o F for at least 24 hours. At

least one hour before testing, the specimens were moved from the

oven to the environmental chamber on the MtS. Generous amounts of

silicone grease and graphite powder were applied on both flat
circular surfaces of the specimens to reduce frj-ction between the

contact surfaces. The load impulses applied by the dynamic load

test were selected to simulate the rractual loadrr pulses on
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pavements by vehicles. In this research, a deviator stress was

applied to reach peak load of 1-5 psi in 0.02 second, maintained at

15 psi for 0.06 second, and relieved in the next o.o2 second. The

deviator stress was then left off for l-.9 seconds as a rest period.

This made the total loading tirne 0.1 second with the load repeated

every two seconds. The |taveragerr load duration per cycle was

considered to be 0.08 seconds (0.05 + O.O4/2).

To prevent hammering, a constant preload or seating load of

0.5 psi was applied to the specimens. No confining pressure was

used in this test.
Data from the test were recorded automatically on a computer.

The recording interval was 20 seconds for the first 300 repetitions
and 600 seconds for the rest of the test - 1-00000 repetitions. The

data were analyzed using Lotus 1-2-3.

Two measures of rutting potential were calculated from these

data permanent strain and permanent deformation stiffness.

Similar to creep strain, permanent strain was calculated by

dividing the permanent deformation recorded to a given number of

load'repetitions by the original specimen height. Permanent

deformation stiffness for a given number of load repetitions is the

applied deviator stress (L5 psi) divided by the permanent strain.
A plot of the permanent strain versus repetitj-ons is shown in

Figure 9, and a plot of stiffness versus repetitions is shown in
Figure 10. Note that the rate of strain decreased as the test
progressed (Figure 9). Also note that the patterns of the graphs

for strain and stiffness versus repetitions are sirnilar to the
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graphs of strain and stiffness versus time obtained by simple creep

test (Figures 7 and 8).

When the rate of strain was plotted against repetitions on a

Iog-1og sca1e, a linear relationship was obtained. Rate of strain

is defined as permanent strain divided by the number of

repetitions. Figure 11 shows a typical graph for the rate of strain

versus refetitions on a log-1og p1ot. The linear relationship can

be expressed by the following equation (23).

e/N = AN-'

where

€/N = rate of permanent strain,
m = material parameter,

A = material and stress-state parameter,

N = repetitions,
€ : permanent strain.

With this relationship, the permanent strain of the specimens

can be estimated at some larger number of repetitions. The linear

relationship suggests that the time of testing can be reduced. For

an example, from the Figure LL, a constant slope was achieved by

10000'repetitions; thus it would not have been necessary to run the

test from 1-0,000 to 100r000 repetitions. Use of this relationship
could reduce the time of testing in future studies by 90 percent.

Diffi-culties were encountered in runnJ-ng the repeated, dynamic
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load test. The dynarnic load applied to the piston sometimes

fluctuated between 175 and l-98 pounds. When the dynamic load was

allowed to fluctuate with no adjustment, it generally to increased

to more than the intended 188.5 lb (15 psi). Higher stress would

increase the strain of the specimens. The degree of damage done to
the specimens by having higher deviator stress was unknown and the

ability to analyze data with fluctuating loads was thus limited.
The load fluctuations made it necessary to manually control

the dynamic load. The manual load adjustments caused a piston

movement that was recorded as a sudden jump in the strain versus

repetitions graph. To compensate for this, the graphs were retraced

to do away the sudden jump.

Examples of the retracing of the graphs are shown in
Figures 12 and l-3. Figure 12 shows the retracing of the graph when

the dynamic load was more than the l-88.5 Ib. When the load was more

than l-88.5 Ib., the adjustment was to move the piston higher up. As

the piston was moved higher, the strain gauge registered a sudden

decrease in deformation. Therefore, the graph ttjump, downward.

When the load was less than 188.5 1b., the adjustment was to lower

the piston. As the piston lowered, the strain gauge registered a

sudden increase in deformation. Thus, the graphrijumprr upward

(Figure 13). The retracing of the graphs did not completely solve

the problem, but is believed to have compensated for it so that the

resultj-ng analyses are acceptable.

To obtain data that could be compared with the creep data,

dynarnic strain and stiffness values were interpolated fromthe plots
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at 45,OOO load repetitions. This number of repetitions was selected

because it represented one hour of cumulative loading at the 0.08

second Itaveragerr load duration per cycle (45000 * 0.08 : 3600

seconds) .
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CIIAPTER 4

ANAIJYSES, CONCIJUSIONS, AIID RECO!0{ENDATIONS

4.1 ANALYSES OF TEST DATA

Circumstances beyond the control of the research staff caused

significant delays in the study and reduced the number of mixes

tested from five, dS planned, to two. In a meeting held near the

end of the project time, the project subcornmittee reconmended that

the study be extended and requested that the principal investigator

prepare a reguest for the extension. Based on this reconmendation,

the project staff continued testing up to and beyond the project

completion date without initiating analyses or report preparation.

The extension recommendation and request, however, was never

approved. As a result the study time and funding expired with only

two mixes tested and without the analyses originally intended. The

following analyses were subsequently made after the expiration of

the project.
Since only two mixes were tested, the conclusions from the

analyses may not be unj-versal1y valid. There are also lirnitations

to the findings because of the limited number of specimens tested.

(For the Forrest City job, two specimens were tested with the

simple creep test and two speci-mens \nere tested with the dynamic

load testl however, for the Jonesboro job, because of time

constraints, two specimens were conducted for the simple creep test

but only one specimen for the dynamic load test. ) Nevertheless,

there are trends of evidence that appear to be conclusive at least
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for the mixes tested.

For example, the straj-n recorded on both jobs shows that the

dynamic load test produces a greater magnitude of deformation than

does the static load test. The di-fferences in strain obtained by

the two tests increase gradually as the deformation resistance of

the specimens decrease. The differences in the strain vary from

t3eo (Forrest city job, J+D+c) to L76Z (Forrest city job, JMF).

A rnajor effort during the analyses was the comparison of the

two test methods so as to identify the more reliable measure of

rutting potential. To compare the two tests, the number of loading

applications from the dynamj-c test were converted to a total load

duration. To do this the average load duration per cycle was taken

to be 0.08 seconds (O.4/2 + 0.5). With this va1ue, one hour of

static loading was considered to be comparable to 45rOO0 repeti-
tions (3600/0.08:45000) in the dynamic load test. Table 11 and

Table 12 describe the properties of the tested specimens of each

mix and list the strain values after 60 minutes of loading (or

45,OOO repetitions of the dynanic load).

Comparison of simple creep and dynamic tests shows that at the

beginning of the test, the dynamic test produces less strain than

the static test; but at the end of an hour or 45000 repetitions of

testing, the dynamic load test produces the greater strain (Figures

t4 and 15). Notice also the Iinearity on a logarithmic scale for
the static test, but a rather curvilinear relationship for the

dynami-c test (Figure 14).

Based on the test data, the dynanic test appears to be the
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better method for evaluating rutting potential. The ranking of the

mixes for the Forrest City job according to the strain is the same

by both tests. For the Jonesboro job, however, the ranking of

mixes differ. Table L3 tabulates the results ranked in order

according to the measured dynamic strain. Notice that the range of

straj-n magnitudes of the Jonesboro job by simple creep test are

sma]l and cluster around 0.0023. Because of this sma11 range it is

very hard to rank the mixes or to evaluate which mix is more rut

resistant. This conclusion is in agreement with Van De Loors

statement that static creep test does not produce consistent

results when compared with an impulse load test (18).

The data also shows that the Job Mix Formula (JMF) gradation

with natural sand used by the Arkansas State Highway and Transpor-

tation Department is less deformation resistant than the other

gradations and aggregate combinations tested. JMF gradation of

both mixes ranked the poorest in rutting resistant (Tab1e 13).

However, when the natural sand of the JI{F was replaced with

Donnafil, it ranks as the best in rut resistant.

The results of the testing for both jobs give strong support

for concluding that crushed sand improves the rutti-ng resistance of

asphalt concrete. For example, mixes F+D and F for the Jonesboro

job have the same mi-xture composi-tions and gradation except that,

the natural sand in F was substituted with Donnafil in F+D. Mix

F+D experienced 692 less permanent deformation indicating greater

rut resistance (fable 13). Other mixes with Donnafi-l were also

found to be more rut resistance than mixes that have the same
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Table L3. Ranking of Mix Gradation Variatj-ons Accordj-ng to
Averaqe Strain.

Forrest City Job

Rank
Mix

Variation
Dynamic

Load Strain
Simple

creep Strain

1

2

4

5

3

J+D+C

J+D

C+D

c

JMF

0.0025

0.0039

0. 0050

0.0068

0.0086

0.0023

o . oo24

o . oo27

o. 0028

0.0033

Jonesboro Job

x
Variation Load Strain

S
Creep Straj-n

J+D

F+D

F

c+D

c

JMF

0.00L9

o . oo27

0.0032

0.0039

0.0045

0. 0052

0. 0023

o . oo22

0. 0023

o . oo22

0. oo26

o. 0024

4-6

I
I I

Rank

1

2

3

4

5

6

I
I

I

I
I

I

I

I
I

I

I
I

I

I

I

I
I

I
I

I
I

I



gradations but with the natural sand.

4.2 eONCLUSIONS

Based on the data from this project and the above discussion,

the following conclusions were made:

1. The dynamic load test causes the greater magnitude of

deformation for the same total time of loading.

Z. The dynamic load test appears to be the better method for

evaluating rutting potential.

3. The least rut resistant gradation and aggregate combina-

tions are the Job Mix Formula gradation with natural sand

aggregate.

4. Crushed sand improves the rutting resistance of asphalt

concrete.

5. The coarse gradation provides only marginal improvement

over the job rnix for:nuIa gradation in terms of rutting

resistance.

4.3 RECOUITIENDATIONS

The limited testing in this study provided valuable inforrna-

tion regarding the rutting resistance of Arkansas mixes. The data

suggest changes that can be made to improve rutting resistance and

provide a relative measure of the degree of improvement. However,

it can be dangerous to reach broad conclusions from such lirnited

data. In particular, there is considerable concern regarding the

apparent rutting resistance of the coarse grradations. This seems
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to be in direct conflict with the practices of others and deserves

further study.

From this viewpoint, it is unfortunate that the project was

not extended to include at least two additional mixes. It is

strongly recommended that another sirnilar study be undertaken in

the near future. However, some changes should be made in the

testi.ng.

There appears to be no reason for including the simple creep

testing. A11 additional rut resistance testing can be linited to

repeated load testing.

Also the number of repeated loads can be reduced. The testing

to date has involved IOO,OOO load repetitions. At 2 seconds per

cyc1e, this requj-res nearly 55 hours of continuous testing. Over

this long a time, some testing error is almost inevitable. A

shorter time (fewer cycles) would be beneficial.

Examination of the test results shows that the relationship

between the rate of permanent deformation and load cycles is

logarithmic (Figure 11). This being the case the number of cycles

can be reduced to 10,000 with no significant loss. This will al1ow

a test specimen to be completely tested in one working day.
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APPENDIX A

MARSHALL MIX DESTGN DATA.



Table A-1. Marshall design data for Forrest City Job.
(R100e )

Mix ?AC 8AV V.M.A Weight Stab. Flow

JI,IF

J+D

J+D+C

c+D

5.1

c

4.5
5.0
5.5

4.5
5.0
5.5

3.5
4.0
4.5

3.5
4.0
4.5

2.8 L4 .6

15. 1
L4.4
L4.8

L7.3
L6.7
16.4

L7 .4
L7 .1,
L7.2

16. 6
L6.4
t6.7

L47.3

L45.4
1-47 . L
L47 .8

L41-.6
L44.L
L45.4

140.8
tAL.9
L42 .8

l_40.8
L42.O
l_40.8

198 0

2650
2900
2600

3050
2950
2 850

2LLO
2400
2t-30

2540
2480
2340

t-l_. 0

9.20
10. 4
L2.6

10. 1
10.4
l_1. 0

10. 0
9.80
10. o

11. 6
tt.4
L2.O

4.9
3.0
2.O

7.4
5.4
3.9

9.8
8.4
7.O

9.1
7.5
6.7

A-1

I
I
I
I
I
I

I
I
I

I
I

I
I

I
I

I
I

I
I

I

I

I
I

I
I

I
I
I

I
I
I

I
I
I

I

I

I

I
I

I
I
I

I
I

I

I

I
I

I

t

I
I

I

I

I

I
I

I
I
I
I
I

I

I
I

I

I

I

I

I



Table A-2. Marshal-1 design data for Jonesboro Job.
(Roo15 )

Mix 8AC %AV V.M.A
Unit

Weight Stab. Flow

JMF

J+D

c+D

F+D

5.0 3.8

3.9
2.L
1.7

L5. 3

L4.
15.

19. t_

L7.8
L8.7

L7 .4
L7 .7
18.1

L4.4
]-4.5
L4.7
15.1

]-4.4
L4. 0
L3 .8

L47.8

L47.6
L48.5
L48.2

138.8
L4L.9
L40.9

t42. O

L42.3
142.6

L48.6
l_48.8
]-49.3
L49 .4

]-48.2
L49 .6
L49 .8

2660

3400
3 110
2800

2034
27 80
2350

2 000
2200
2160

3400
2720
2480
2400

5150
4550
3 600

10. 0

L2.O
13.1
15. O

l_L. o
L1. I
13.6

L2.A
LL.8
\3.2

10. 5
11. 0
L2 .8
16. O

1L.4
L2.4
15. O

4.6
5.L
5.6

3.5
4.O
4.5

3.5
4.0
4.5

4.5
5.0
5.5
6.0

4.5
5.0
5.5

3.8
2.6
2.O

11. I
9.1
8.7

9.8
8.8
8.0

3.8
2.8
1.8
0.8

I
4
0

L4.

c

F

A-2

I

I

I

I

I

I
I
I
I
I
I
I
I
I
I

I

I

I
I

I

I

I

I
I

I
I

I
I
I
I
I
I
I

I
I

I
I

I
I

I

I
I

I

I
I

I

I
I

I

I

I

I

I
I

I
I
I
I
I
I
I

I

I

I

I

I
I

I

I
I

I

I
I

I
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